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Background of the Invention 

A number of emerging or current therapies 
involve intravenous injection of small (less than 
50 Kdaltons) protein, polypeptide or 
polysaccharide effectors. Such effectors can 
include antibody fragments, for use in active 
immunity; cytokines and cellular growth factors, 
for stimulating immunological inflammatory 
responses; hormones; and polysaccharides, which 
are capable of interacting with endothelial cell 
receptors to competitively block neutrophil 
binding to activated endothelial cells lining the 
blood vessel (Katre, Philips, Waldmann) . 

Other small polypeptide effectors have been 
proposed for use in blocking viral infection of 
target cells in the blood, such as a CD4+ 
glycopeptide which is effective to inhibit binding 
of human immunodeficiency virus (HIV) to CD4 + cells 
(Capon, Janeway) . 

Polymyxin B, a small basic peptide which is 
rapxdly excreted by the kidneys, is known to react 
with and neutralize gram-negative bacterial 
endotoxins, specifically E . coli 011l: B 4 
liposaccharide (LPS) (Baldwin) . it is not often 
administered parenterally as a treatment for 
septic shock syndrome, because high doses of 
Polymyxin B are required for effective treatment. 
High doses can be fatal, due to renal toxicity, 
-aking advanced stages of septic shock difficult 
30 to treat. 

The problem of rapid renal clearance observed 
with polymyxin B is also applicable to other small 
peptides, such as those discussed above, which 
have been used for parenteral treatment of 
35 disease, m general, circulating proteins which 
are smaller than about 50-60 Kdaltons will be 
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cleared by the kidneys with a lifetime less than 
1-2 hours. 

In some cases, peptide molecular weight can 
be increased above the threshold 50-60 Kdalton 
size by derivatizing the peptide with biologically 
compatible polymers, such as polyethyleneglycol 
(PEG) (e.g., u.s. Patent No. 4,179,337). However, 
this strategy may not always be effective for 
small effectors, e.g., those with molecular 
weights less than about 5-10 Kdalton. Moreover, 
derivatizing a polypeptide with a plurality of PEG 
chains may destroy or reduce the polypeptide 
activity, and/or mask key activity sites of the 
polypeptide . 

Summary of th P i nvention 

The invention includes, in one aspect, a 
method of treating a subject by parenteral 
administration of a polypeptide or polysaccharide 
effector which is rapidly removed from the 
bloodstream by renal clearance in free form. The 
method includes parenterally administering to the 
subject, a liposome composition containing 
liposomes having an outer layer of polymer chains 
and the effector covalently attached to the distal 
ends of said chains, a preferred polymer is 
polyethylene glycol with chain lengths between 
about 1,000 and 10,000 daltons molecular weight. 
Preferred effectors include: 

(a) an antibody f a fragment specific against 
a blood-circulating pathogen, for use in treating 
the subject for infection by the pathogen; 

(b) a CD 4 glycoprotein, for use in treating 
the subject for infection by human 
immunodeficiency virus (HIV) ; 
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(c) 



a cytokine or cellular growth factor, for 
use in stimulating an immune response in the 
subject; 

(d) a mono or polysaccharide, such as sialyl 
5 Lewis", which binds to endothelial leukocyte 

adhesion molecule (ELAM) , for use in treating a 
vascular inflammation related to neutrophil 
recruitment into sites of inflammation; 

10 «, w! ^ inhiMt ° r ° r for treating 

10 the subject to achieve immune-response 
suppression; 

(f) polymyxin B, or polymyxin B decapeptide 
for treating the subject for septic shock; 

15 , h- ( V 9 PSPtide h0rm ° ne ' for treating diseases 
subject to peptide hormone control; and 

(h) a peptide, for use in blocking a ligand- 
receptor cell binding event. 

in one specific embodiment, the invention 
includes a method of preventing progression of 

leTTT ^ baCteremia to -Ptic shock and a 
method of treating acute septic shock by 

administering to a subject, a li«„,™ ....... 

cnta lni „g lip 0solnes having an outer ^ 

». HZTlT 91yco1 <PEG) chains and » 

attached to the diet.! ends o£ the po^., ohains . 

in another aspect, the invention includes a 
eo.nposxt.on of liposomes, each having an outer 

30 (h, attached to the distal ends of the chains. 

These and other objects and features of the 
invention win becolne nore 

followrn, detailed description of the invention is 
read in conjunction with the accompanying 
3 5 drawings. * 
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Brief Poser int inn „f the BEawjflg g 
Fig. 1 shows steps for the synthesis of a 
maleimide of a DSPE carbamate of polyethylene 
glycol (PEG) bis (amine); 

Fig. 2 shows steps for the synthesis of a 
disulfide linkage-containing propionamide of a 
DSPE carbamide of polyethylene glycol (PEG) bis 
(amine) ; 

Fig. 3 shows the synthetic scheme for the 
preparation of an aldehyde of an ethylene-linked 
PEG derivative of DSPE; 

Fig. 4 illustrates steps in the formation of 
a PEG-derivatized PE having a maleimide group at 
the polymer end; 

Fig. 5 illustrates steps in the formation of 
a PEG-derivatized PE having a bromoacetamide group 
at the polymer end; 

Fig. 6 shows steps in the synthesis of a 

20 VatiZ6d DSPE lipid haVing 3 PEG te rminal 

2 0 hydra zide group; 

Figs. 7A-7D show steps in the synthesis of a 
denvatized DSPE lipid having a PEG 
activated group (7A) which can be used to couple a 

25 ° f amine - C ° ntainin * group. (7B-7D) to the 

zo PEG polymer ends; 

Fig. 8 shows steps in forming another PE 
derivatized by a PEG spacer chain having a 
hydra zide group; 

Fig. 9 snows the covalent coupling of a 
- Peptide, via a sulfhydryl group, to the maleimide 
of a dspe carbamate of peg bis (amine) shown in 
Fig. 1; 

Fig. 10 shows the covalent coupling of a 
peptide, via a sulfhydryl group, to a disulfide 
linkage-containing propionamide of a DSPE 
carbamide of PEG bis (amine) maleimide of the DSPE 
carbamate of peg bis (amine) shown in Fig 2 - 
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Fig- 11 shows the covalent coupling of a 

o7 : d :; h b : reductive aminati - 
ol p EG ^ G r ne ; derivative ° f dspe 

Plot of a t " Fig * 3; "* 12 Sh °- * 

Plot of a time course of galiium-67 labelled 

Uposo mes composed of hydrazide PEG-DSPE, partial . 

ly hydrogenated egg phosphatidylcholine PHEPC) 

and cholesterol (PEC-HZ fluid liposomes) o" 

hydrazide PEG-DSPE, hydrogenated serum 

Hz°riaL tidylCh0line (HSPC) ' ^ Ch °l~terol 
^ Up ° SOBes ) in the bloodstream and 

peotir 9 ' , 13 Sh ° WS amin ° aCid se ^nces for 
peptides identified by SEQ ID NOS:1- 10< in 

conventional single-letter amino acid code 
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1 • Pefinitinne 

Unless otherwise indicated 4- 
have the fmi • naic ated, the terms below 

nave the following meaning: 

caoa h r e ^ Cle " f0rining lipid " rSfers to ^y l ipid 
capable of forming part of a ,t a M • 

^ y *"" rt or a stable micelle or 

liposome composition and i-™-! .... ... 

or two hydrophobic acyl hydrogen ^ 
Stprn ^ 1 n ^ aroc arbon chains or a 

reac tl ve group, such as an Mi J 

to about 50-60 Kdaltons. P 

11 ' g£fector ^ompns-ii-^n 

The invention includes, i„ one aspect 

liposome composition for use i„ treatil . V 
with * cm.n . creating a subject 

with a small polypeptide or polysaccharide 
effector molecule which is itself, in free form 
-moved rapidly f rom the bloodstr am by re„ al ' 
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clea ranee. The composition inclu.es a liposomal 
earner composed of liposomes having an outer 
layer formed of hydrophilic polymer chain 

• HE? 

b^logic.1 activity of the effector, s Uch as 

the aenl n P ° n ° f ^ ^^ion follow! 

the general procedures below. 

A ' Lipid rr>T Ttpon<ari j. e 
The liposomal carrier of 
" ooaposed of three generaa tl s , BP ° Siti0n *' 

lipid components. The "i ' T ~*«-*«na», 

. first includes vesicle- 

fonin, lipia s which „i„ £onn the bui n f the 
vesicle structure in the UposoBe the 

r P01ar heaa gr : up M : le - a »™~*c 

form spontaneouslv ». _ 1Ch (a) can 

- e^piiiied by -p nos " ph ~ TT ^ U " er ' 
incorporated into lipid bilay^ 

Ers s rr 

(»). p h o S phatid ylinoslt ( 01 ' p * osph h atldic acia 

»■ (-. . w-re the t„o h y arocar* I' ^T^'^ 

TzriT?™ about i4 -" -» 

5 • ^9T.es o f ^saturation 
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The above-described lipids and phospholipids whose 
acyl chains have a variety of degrees of 
saturation can be obtained commercial ly, or 
prepared according to published methods, other 
5 lipids that can be included in the invention are 
glycolipids and sterols, such as cholesterol. 

The second general component includes a 
vesicle-forming lipid which is derivatized with a 
polymer chain which will form the polymer layer in 
10 the composition. The vesicle-forming lipids 

which can be used as the second general vesicle- 
forming lipid component are any of those described 
for the first general vesicle-forming lipid 
component. Vesicle forming lipids with diacyl 
15 chains, such as phospholipids, are preferred. One 
exemplary phospholipid is phosphatidylethanolamine 
.(PS), which provides a reactive amino group which 
is convenient for coupling to the activated 
polymers. An exemplary PE is distearyl P E (DSPE) 
! ° The preferred polymer in the derivatized 

lipid, is polyethyleneglycol (PEG) , preferably a 
PEG chain having a molecular weight between l.ooo- 
iu,000 daltons, more preferably between 2,000 and 
5,000 daltons. other hydrophilic polymers which 
may be suitable include polyvinylpyrrolidone, 
polymethyloxazoline, polyethyloxazoline, polyhy- 
droxypropyl methacrylamide, polymethacrylamide and 
polydimethylacrylamide, polylactic acid, 
polyglycolic acid, and derivatized celluloses, 
> such as hydroxymethylcellulose or 
hydroxyethy lcellulose . 

Additionally, block copolymers or random 
copolymers of these polymers, particularly 
including peg segments, may be suitable. Methods 
for preparing lipids derivatized with hydrophilic 
polymers, such as PEG, are well known e.g., as 
described in co-owned U.S. Patent No. 5,013,556 
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The third general vesicle-forming lipid 
component is a lipid anchor by which the effector 
is anchored to the liposomes, through a polymer 
chain in the anchor. Additionally, the effector 
is positioned at the distal end of the polymer 
chain in such a way so that the biological 
activity of the effector is not lost. The lipid 
anchor has a hydrophobic moiety which serves to 
anchor the lipid in the outer layer of the 
liposome bilayer surface, a polar head group to 
which the interior end of the polymer is 
covalently attached, and a free (exterior) polymer 
end which is or can be activated for covalent 
coupling to the effector. Methods for preparing 
lipid anchor molecules of this types are described 
below. 
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B - Liposom e Prep ar-al-ir^r. 

The liposomes may be prepared by a variety of 
techniques, such as those detailed in S 2 oka et al 
1980. Multilamellar vesicles (MLVs) can be formed 
by simple lipid-film hydration techniques. m 
znxs procedure, a mixture of liposome-f orming 
lipids of the type detailed above dissolved in a 
suitable organic solvent is evaporated in a vessel 
to form a thin film, which is then covered by an 
aqueous medium. The lipid film hydrates to form 
MLVs, typically with sizes between about 0.1 to 10 
microns. 

The lipids components used in forming the 
liposomes are preferably present in a molar ratio 
of about 70-90 percent vesicle forming lipids, 1- 
25 percent polymer derivatized lipid, and 0 1-5 
percent lipid anchor. One exemplary formulation 
includes 50-70 mole percent underivatized PE, 20 - 
4 0 mole percent cholesterol, o.l-i mo l e percent of 
a PE-PEG (3500) polymer with a chemically reactive 
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group at its free end for effector coupling, 5-10 
mole percent P E derivatized with PEG 3500 polymer 
chains, and 1 mole percent a-tocopherol . The 
liposomes are preferably prepared to have 
5 substantially homogeneous sizes in a selected size 
range, typically between about 0.03 to 0 5 
Microns, one effective sizing method for revs and 
MLVs involves extruding an aqueous suspension of 
the ixposomes through a series of polycarbonate 
membranes having a selected uniform pore size in 
the range of 0.03 to 0.2 micron, typically 0.05, 
0.08, 0.1, or 0.2 microns. The pore size of the 
membrane corresponds roughly to the largest sizes 
of liposomes produced by extrusion through that 
membrane, particularly where the preparation is 
extruded two or more times through the same mem- 
brane. Homogenization methods are also useful for 
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C * Effector- Comp nnanf 

The effector in the composition is a 
therapeutic polypeptide, mono or polysaccharide, 
or glycopeptide characterized, when administered 
intravenously in free form, by rapid clearance 
from the bloodstream, typically within labours. 

t:e lo L: e r n e tL e n s : ribed p ~ ~« - - - 

1- i^Sagment. The F, fragment is 
one which has neutralizing activity against a 
given pathogen. The composition is used as a 
passive vaccine effective to provide humoral 
immunity against one of a variety of selected 
pathogenic antigens. 

F. b fragments of neutralizing antibodies can 
be prepared according to conventional methods 
(Harlow) . Th e fragment is preferably from a 
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humanized Monoclonal antibody (KJ . Such 
antibodies can be prepared by published 
recombinant DNA methods (Larrick, . The antibo<Jy 
xs preferably coupled to liposomal hydrophilic 
polymer groups via sulfhydryl linkages, as 
described above. 

alvcon^ H' • ^^-^^^^MfMotor. The CD 4 
glvcopept.de xs a region of the CD4 receptor of 
CD4 + T ceils (capon,. The effector acts to bLck 

medi \ I " ° f CD4+ T ° ellS by «P«0- 
plated HIV binding to the CD4 receptor, ^e 

effector can be produced according to known 

recombinant methods (Maniatis) . 

Table i h ?' £ ytOJCl " ft '- ThS given in 

useful i t 6XamPleS ° f Cyt ° ki - S are 
useful m the present invention. The cytokines 

ac^rt?^ r6COmbinant 
according to published procedures. The 

therapeutic uses of the individual cytokines have 

been described in the literature (sel, for 

example, Ab bas) . some cytokine effectors may be 

administered on a short term nasi, ,o ^-7. 

The effectors may be administered on a long term 
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CYTOKINE 


POLYPEPTIDE SIZE 




_ 8-10 (monomer or dimer) 


B. Mediators of Lymphocyte Activat 
1 terentiation 


ion, Growth and Dif- 


Interleukin-2 


14-17 kD (monomer) J 


Interleukin-4 


20 kD (monomer J 


Transforming growth factor (beta) 
L_E: Mediators of Effector e«i i 


14 kD (monomer or dimer) 
ion I 


Gamma Interferon 


21-24 kD (homodiroer) I 


Lymphotoxin 


24 kP (homotrimer) 


Interleukin-5 


20 kP (monomer) 


l±l Mediators of Immature Leukocvte a™-«. — . . 


Interleukin-3 


20-26 kP (monomer) 


Granulocyte-macrophage Colony 
Stimulating Factor 


22 kP (monomer) 


Macrophage Colony Stimulating Factor 


40 kP (dimer) 


Granulocyte CSF 


19 kP (monomer) 


Interleukin-7 


25 kP (monomer) | 
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4 * Swi-it Pinning Inhibitor . Inflammation 
causes the expression of a polypeptide, endothelial 
leukocyte adhesion molecule-1 (ELAM-i) , on the surface 
of endothelial cells of blood vessels, adjacent to 
sates of inflammation. ELAM-1, in turn, recognizes and 
binds a polysaccharide moiety, sialyl Lewis* on 
surfaces of neutrophils, and recruits neutrophils to 
sites of inflammation. By preventing the recognition 
and binding of neutrophils by ELAM-i, excessive 
inflammatory responses due to conditions, such as 
reperfusion injury, septic shock, and chronic 
inflammatory diseases, can be avoided. 

In this embodiment, the effector is the 
tetrasaccharide, sialyl Lewis', recognized by ELAM-1 
(Philips) , for therapeutical use in preventing 
excessive recruitment of neutrophils to sites of 
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inflammation in the blood stream. The effector is 
produced by the glycosylate mutants of Chinese 
hamster ovary (CHO) cells, and may be obtained in 
purified form from the cultured cells (Phillips) 
Alternatively, the effector is produced by chemical 
and/or enzymatic synthesis (Borman, Ichikawa) . 

5 - Inhibitors of tt,-i activity . The 
effector in this embodiment is an IL-1 inhibitor, or 
IL-l receptor antagonist (ILIRA) , which blocks binding 
of IL-l to receptors on lymphocyte cell surfaces 
(Stylianou) . 

IL-l production is stimulated by both endotoxins 
which cause septic shock and exotoxins which cause 
toxic shock syndrome (Dinarello) . IL-l production 
during septic shock or toxic shock may exacerbate the 
clinical symptoms observed in patients. Therefore, use 
of an IL-l inhibitor effector to decrease the clinical 
symptoms associated with either toxic shock or septic 
shock may be beneficial. 

IL-1 inhibitor is a 52 to 66 Kd polypeptide that 
binds specifically to IL-1 to inhibit its 
immunostimulatory responses. ILIRA is . » ^ ™ 
polypeptide that competes with binding of IL-1 to its 
cell surface receptors to inhibit IL-l's 
immunostimulatory responses. 

6- Polymyxin B. This effector is a 
cationic detergent with a hydrophobic portion (6- 
-•thyloctanoyl, and a short basic decapeptide portion. 
Polymyxin B reacts with and neutralizes gram-negative 
bacterial endotoxins, specifically E. call oill:B4 
ixposaccharide (LPS) (Baldwin) . Polymixin B is used in 
the treatment of gram-negative bacterial infections 
Since polymyxin B must be administered frequently and 
" ^ dOS6S bSCaUSe of ^ rapid clearance from the 
bloodstream, it causes severe irreversible kidney 
damage. Polymyxin B can be chemically synthesized or 
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isolated from spore-forming gram-positive bacilli, such 
as Bacillus polymyxa. 

Alternatively, the effector is an 11.8 Kdalton 
peptide isolated from amebocytes of Lixulus pol yphemuSl 
Hmulus antilipopolysaccharide factor (LALF) . lalf 
neutralizes meningococcal lipooligosaccharide, as well 
as other gram-negative endotoxins, and can be used to 
treat gram- negative sepsis (Wainwrignt) . 

7 - Peptide HormonP . This effector can be 
10 used in the treatment of various diseases, m one 

embodiment, the effector is parathyroid hormone (PTH) 
which is 84 amino acids in length and can inhibit 
osteoblast division. Certain bone cancers are 
characterized by uncontrolled osteoblast division 
^ (Kano) . Alternatively, the peptide hormone can be used 
to target a liposome to cells that contain receptors 
for a specific peptide hormone. 

8. £eptide. A number of pathological 
conditions involve ligand-specif ic cell-binding events, 
*0 where a molecule adheres to the surface of a cell via a 
ixgand. For example, the ligand laminin mediates the 
bxndxng of malignant cells to basement membrane. ^ 
xnxtxai step in formation of metastatic tumors. ' 
Attachment of some bacteria, such as Pseudomonas, to 
host epxthelial cells is mediated by a ligand-binding 
event, as xs the binding of viral particles to host 
cells. Th e infection of cells by human 
immunodeficiency virus (HIV) also requires ligand- 

30 or 1 '" Cell - Mndin * events - a part of the infection 
30 process. The cell-binding events in these processes 
are specific and, therefore, in many cases it is 

thTl 1 ! T inMbit Cell " bindin * -ent by exposing 
the cell to a small peptide which competes with the 
ligand for receptor sites, inhibition of the cell- 
binding event potentially results in arresting the 
infection process. 
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in this ™bodi Mnt , ttlm effeotor ls . 
1« 3 cell-binding 

event The peptide My te one effect . ve to inMb . t 
Ration »y human immunodeficiency virus ,HIV) . by 
inhibiting virus-particle attachment to T calls, where 
the peptide has one of the amine acid composites 
(Fig. 13): seo ID NO :1 (Nehete) ; SE0 ID NOi2 (Neh . 

r™er ete,,sEoiDN ° ! < 

meta s r e PePt " e ef£ecti - retarding tumor 

on \ 1 °' ent me " bri " ,e ° ells ' » he " <*e P-Ptide has 

NO.9 (Iwamoto); or SEQ ID BO.-10 (Kawasaki) 

useful ^or M :" n9 - rel " e ' i PI*"-, -ch as those 
Z Z \ lnhlbiti "9 Pseudomonas infection, by 
inhibiting bacterial attachment to epithelial cells 
(e.g., sastry, Lee) may be employed. 

°" ^^^nt of Eff»^„, T 'r °™™. P ... 
Por effector attachment to liposome carriers the 
free polymer end of a lipid anchor is ^^Jl^ 
co effector coupling. ln tne follovi speckle""'" 
e-ples. both lipid anchor tormation and P acti ; a C t . on 

dfStearylphosphatidylethanolamine (DSPE) T h. 
activated lipid anchors are then incorporated into 
liposomal carriers, as described above 

of the n r- ad r ta9e °* aCtiV " in ' <*e ™ terminal group 
W anCh ° r Pri " to "P-o-e formation is that 

conlitT °* rea0ti °" ° 0l ™ ts « 

conduces may be employed. Further, the liposomes 

themselves ere not exposed to the activating^L 
Thus, the need to remove reagent contaminants from the 
liposomes is avoided. 
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It will also be appreciated that the activation 
reactions may be performed after lipid anchor 
incorporation into liposomal carriers, m some 
coupling reactions it may be more desirable to activate 
5 the terminal PEG groups on preformed liposomes. One 
advantage of this approach is that the activation 
reaction is confined to the outer, surface-accessible 
lipids, and thus the activated groups can be completely 
quenched prior to use of the composition in therapy. 
10 The approach is also preferred for reactions in which 
the activated PEG termini are unstable in water. 

Fig. l shows the synthesis of a DSPE derivatized 
with a PEG chain and having an activated chemical group 
at the chain's free end. Initially, PEG bis (amine) 
15 (compound I) is reacted with 2-nitrobenzene sulfonyl 
chloride to generate the monoprotected product 
(compound II) . compound II is reacted with carbonyl 
diimidazole in triethylamine (TEA) to form the 
imidazole carbamate of the mono 2-nitrobenzene- 
20 sulfonamide (compound III). 

Compound III is reacted with DSPE in TEA to form 
the derivatized PE lipid protected at one end with 2- 
nirrobenzyl sulfonyl chloride. The protecting group is 
removed by treatment with acid to give the DSPE-PEG 
product (compound IX) having a terminal amine on the 
PEG chain. Reaction with maleic acid anhydride gives 
the corresponding maleamic product (compound V) , which 
on reaction with acetic anhydride gives the desired PE- 
PEG-maleimide product (compound VI) . Details of the 
reactions are given in Example 1. 

The compound is reactive with sulfhydryl groups, 
for coupling polypeptides through a thioether linkage, 
as illustrated in Fig. 8. 

Fig. 2 illustrates the synthesis of another 
derivatized lipid useful for coupling sulfhydryl- 
containing polypeptides to the polymer terminal end of 
the derivatized lipid. Here the PE-PEG (compound IV) 
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from above is treated with N-succinimidyl-3-(2- 
pyridyldithio) propionamide (compound VII) to form the 
anchor lipid P E - PEG (compound viii) . The compound can 
react with a sulfhydryl group of a peptide to couple 
peptide to the lipid through a disulfide linkage as 
illustrated in Fig. 9. 

Another reaction method for coupling a protected 
Polyalkyiether to a lipid amine is shown in Fig. 3. m 
this reaction scheme, PEG (compound IX) is initially 
protected at one of its terminal OH ends by a 
tri me thylsilane group, as shown at the top in Fig. 5 
The protected PEG (compound X) is reacted with the 
anhydride of trif luoromethyl sulfonate to activate the 
free PEG end witn trif luoromethyl sulfonate (compound 

XI) . Reaction of the activated compound with a lipid 
amane such as P E , in the presence Qf triethyl 

and release of the trimethylsilyl protective group by 

xii) IT""'' PE " PEG derivative 

XII) containing a terminal alcohol group which is 
oxidized in the presence of dimethylsulf oxide (DMSO, 
and acetic anhydride to convert the terminal OH to an 
aldehyde group (compound XIII) whioh u . 

IT To I" redUCtiV ' "-'""ion. as Uiustratad in 
Fxg. 10. Baaction details are g . ven ^ ^ 

can 9Bnerally ' the "'"vatizad lipid covenants 

can ba praparad to includa a lipia-poly^ar lin*aga. 
-ch as a paptida, aatar, or disulfida linkaga, „hich 
can te daavad undar salactiva physiologic.! condi- 
tions, such as in tha prssanca of paptidasa or astarasa 
ananas or raducing agants, such as glutathiona. 
present intracellular ly. 

lioid A d alte "" lve ge " eral »*«>°d «or praparation of 
l.pxd danvatrvas of PEG suitabls for coupling to 

acids ! :° leCUleB inV ° 1VeS — l-o cardie 
acids Of PEG (such as ooapound XIV, as starting 
-tarral and is Uiustratad in Fi g 5 . 4 and \ 
fcr praparing such hatarobifunctional PEG darivativaa 
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have been described by Zalipsky, et aJ., (1986; 1990). 
In the Fig. 4 reaction scheme, an omega-amino 
carboxylic acid of PEG (Zalipsky, et al., 1986) is 
reacted with maleimido propionate N-hydroxysucciniraide 
ester (MPS, Pierce), using an excess of MPS. The 
carboxyl group of the resulting maleimido-PEG (compound 
XV) is then reacted with a lipid amine, such as PE, in 
the presence of N-hydroxysuccinimide, to link the PEG 
to the lipid through an amide linkage (compound XVI) . 
The maleimido group at the "free" end of the polymer is 
reactive towards thiol-containing ligands, proteins, 
e.g., immunoglobulins and fragments thereof. 

A related scheme is illustrated in Fig. 5, which 
shows initial formation of a terminal bromoacetamide 
group on a PEG carboxylic acid (compound XVII) , by 
reacting an omega-amine carboxylic acid of PEG 
(compound XIV) with bromoacetyl N-hydroxysuccinimide 
ester. The PEG is then coupled to a suitable lipid 
amine, such as PE, as above, to form the derivatized 
lipid (compound XVIII) . The bromoacetamide group, 
being more selective and more stable than a maleimide 
group, will allow more flexibility in the methods used 
ror liposome formation and loading. 

The reaction scheme shown in Fig. 6 is for the 
preparation of a derivatized lipid in which the free 
PEG end is an OH group (omega OH group) . m the 
reaction illustrated in Fig. 6, the omega-hydroxy 
carboxylic acid of PEG (compound XIX) (Zalipsky, 1990) 
is esterified with methanol, to protect the terminal 
acid group (compound XX). The terminal hydroxyl group 
is then converted into a functional group reactive 
towards primary amines (Zalipsky, 1992a) , for example, 
a succinimidyl carbonate (SC) derivative (compound 
XXI) . This compound is formed by reacting compound XX 
with phosgene, with subsequent reaction with N-hydroxy- 
succinimide (Zalipsky, 1992b). The resulting SC-PEG- 
C0 2 -Me (XXI) reacts with a lipid amine, such as DSPE 
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to for* the DSP E -P EG -co 2 -„e (compound XXII, . The 

PEG-CO-N H ^ ^ Cl6anly ^-inolyj to yield pE . 

PEG co-N 2 H 3 (compound XXIII) , as shown. This 

hydraziae-containing PEG-lipid is incorporated into 
5 liposomes by conventional methods .7 

containing effector .olecules. 

such carbonyl groups exist or can be easilv 

anH , SJ-ycosxdes, lectins, immunoglobulins 

oxLti", ° Proteins by chemloal ( "- iod «c 

th ': r f enzy,,atio reacti ° ns 

hvdr^; " cleavable by acid catalyzed 

££s z izzzjt*- Thesa - - 

Alternatively, as illustrated in pi- 

id ro :o y r c ;i::: ylic acid ° f peg i ~ ; «> - \r 

» =a„ be Initial °" ami "° '"^ ° f " 'Natives, 

DSPE to , y COUPlSd t0 th ° a " iM a.,., 

«M. to for. the derivatised lipid (oonpouM ^ ' 

The terminal OH qrouD of +h<„ ' 1 

a „a.. ^ 9^°up of this conjugate can be 

Scrt'f'" eXa " Ple - " ith carbonate 
30 reae W ^ ^"f PE <~— ™> *~ selective 
Wlth a va "ety of amino-group containing 

:~- M r icai reactions ara ---- """Lpie 

possess at Ieas7o„ 0 e UP otT ta f inin9 " Ul 

t least one other functional grouo to wh^v, 
no, e£fector „ olecuies ^ * «P to ^whrch 

or ,ftrl ° f e " eet0r ~» —r before 

or after liposome formation. 
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v-ety of conations. 0sing niw J^^" ' 

oithio Pyri(iin : ^™ thV;. possibie to — -* «- 

i-h^i ^. yirou P s °n the lxposomes into free 

lipid (compound xxviTt **4- 
lncorporatinn ^. AAVXA ' • After 

In the reaction illustrate ^ - 

DSPE is counlnH «- **** /L >' SC-PEG- 

° upled to a galactosamine T h P ™i <- 

residue on th*» rto>-^ galactose 

-Udness of the reaction t TZlT 
groups are solely generated „- .„ aldehyde 
liposoMe. crated on the outer surface of the 

Additionally, there is evidence th** •„ 
galactose resid,,.. «»ioence that oxidized 

i™une system ^ of the 

xiposce":^/:: zz lly , tor t ceu *° tiwi °- * 

surface is liJly t 0 a \ ' " ^ »» 

-ful i„ vac n.7 z IT " « »** - 
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In another procedure, illustrated in Figure 8 and 

First peg xs reacted wxth ethyl isocyanatoacetate in 
the presence of triethylamine to generate mono and 
dicarboxylated species of PEG. The monocarboxylated 

ZTsl^f^ ^ ion - c h -ge chromatography on 
DEAE-Sephadex (compound XXIX, identical to compound 
XIX) . compound XXIX is reacted with tert-butyl 
carbazate to generate the hydroxy Boc-hydrazide 
derxvatxve of PEG (compound XXX) . The free hydroxyl 
group „ activated by reaction disuccin J ^ 

carbonate to activate the terminal hydroxyl group 
(compound XXXI) prior to reaction with DSP E to generate 
Product (compound XXXII) . compound XXXII is 

ZlllT* Wlth " ^ di ° Xane GXPOSi ^ the 
hydrazxde group. Lipid-PEG-hydrazide is the 

incorporated into liposomes. These hydrazide groups 
are reactxve towards aldehydes, which as described 
above can be generated on numerous biologically 
20 relevant compounds. Y 

varietv e of T d , S ^ ~ y * * PPlied to * 

varxety of ixpxd aniineS/ including ^ _ 

n 9lyC ° lipidS With a mi ne groups, it 

will be apprecxated that a variety of alternative 
coupling reactions, i„ addition to ^ 

UnId s T' are - SUitable vesicle-for.ing 
PEG ha v er T 12ed ^ hyd ^ hilic Poly— such as 

rea^r:: 7 31 9r ° UPS WhiCh ^ aCtiVated - ~e 
reactxve xn protein coupling reactions. 

1. M aleimidP ro 11p 1iri J . Maleiinides are 

used protexn modifying reagents and are especially 

useful when the maleimide is one of two fun Cto n a I 

groups in a heterobifunctional crossing reagent 

The reactxon of maleimides with sulfhydryl groups 

-volves Michael addition of the mercaptane group to 

o cu s C tt; ReaCti ° n Wi - -J-o groups 

ccurs by the same mechanism, but at a much slower 
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rate. since mercaptane is the most reactive species, 
particularly at neutral p H , the maleimide group can be 
used to target a small number of sulfhydryl groups and 
good selectivity is usually achieved. 

In one preferred embodiment, a derivatized lipid, 
such as PE-PEG, is formed with a terminal maleimide 
group (compounds VI and XVI) , as illustrated in Figs. 1 
and 4 above. The lipid, after incorporation into 
liposomes, is then reacted with a sulfhydryl-containing 
effector, typically a polypeptide, under suitable 
coupling conditions. The reaction of the maleimide 
lipid (compound VI or XVI) with a peptide sulfhydryl 
group is illustrated in Fig. 9. As shown, the reaction 
couples the protein to the lipid polymer through a 
thioether linkage, to give the derivatized pe (compound 
xxxili) . use of the reaction to couple proteins to 
liposomes is described in Example 6. 

In this example the efficiency of 0-galactosidase 
coupling to liposomes containing a maleimide coupling 
agent in the presence or absence of PE-PEG3500 is 
compared. The reactions were carried out with 
liposomes prepared to contain, as the maleimide 
coupling agent, either (a) the DSPE derivative of 
succinimidyl 4-( P -maleimidophenyl)butyrate (MBP) , (b) 
the DSPE derivative of N-(li-maleimido-undecanoyl) 
(Cll) , or (c) the maleimide of PE-PEG3500. 

After the coupling reaction, performed as 
described above for (a) -(c), the amount of liposome- 
bound enzyme was quantitated. Recovery of liposomes 
was measured by scintillation counting and the recovery 
of protein was measured by the beta-galactosidase assay 
and direct quantitation of the protein amount. 

The maleimide of the DSPE carbamide of PEG3500 was 
very effective in crosslinking 0-galactosidase to lipo- 
somes, either in the presence or absence of PE-PEG3500 
chains. as seen in Table 2, there was essentially no 
difference in the amount of protein crosslinked to 
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either type of liposome in two senary 

In addition tho separate experiments. 

PEG m T , ° f Pr ° tein co «Pled to the PE 

naleinude was much higher than J 

MPB-C, maleimides. The n ^ ^ ^ m ° r 

activated" p E - PEG3500 in £ ° f 
effect on the levels 

PEC-maleimide liposomes, J ZillTZTT 
protein couplina to n nns the level of 

Table_2 
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^ulfhydryl groUD ! " P">Pi°™»ides with th. 

J group produces couplina to th 

=on t ,i„i„ g » lMoles VU . diL^i^e ^ 
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nonreducing environment. The Tn " * 

of a thiol group in a peptide ^ J""*"- reaction 

to contain pe-peg (2 « IT ^Posome prepared 

disulfide l inkage as Llustrat , P ° S ° meS 9 

XXXIV) . ^lustrated an Fig. 10 (compound 

*. - 3 ' SeaHe£i ^aiQ§tio D . in this . 
terminal hydroxyl group of a peg ch Pr ° Cedure - the 

10 linked at one end to pe L ' COValent ly 

^ -ild oxidation. The 0 xL C tT rted ** 

out before or after i ° Xldatl ° n Ste * * a y be carried 

—e the Ld^^oTrd^ 0 liPOS ° meS t0 
(compound xin in Fig !° °* tt * de ~vati Z ed li pid 

15 with the amine group of I' ^ Ction ° f th * aldehyde 

base (colpol XxxvVlTh'" ^ ^ 

the desired derivative ^Upid "V* t0 
Peptide (XXXVI) . a»me-group linked 

»lth «e ^ :° UPlin9 *» ««— lipids, 

oxidation, the ell ° *" the dart - **« 

"Po^es are ln ^l! !"?"* *' and 

<=yano borohydrlde l£ " of 2M S odiu» 

A M-IVml) at 20°C fnr i a 

After completing the incubation the , 
ohromatographed on a Sepharos! t were 
linked) effector roolecu t s t0 ~ ^ee („o„- 

3 5 
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J* vivo studies were undertaken to h - • 

co„ta>„ lng end-functionalized ^ * ~ 
functionalized peg-dspe contains a chemicallv 

compounds to liposomes tv™ v »"ety of 

aot.rn.ina, ^^U^r '! 
0 tha extended lifetime in the tl^aam "fT '"^ 
containing PES - D s PE . monomethoxy^ "s" E ortT"" 
-Uarly modified vesicle-forming li p *L ^ 

In experiments perforin 
invention, liposomee'c^n^^ ^ 
• funct l0 nalizad by hydrazida were prepaid \ 
hydrazide group at the end of a Z T 
for the introduction of other funcci T *" " - 
be used in „„„ erou5 types of = ' r ° UP5 ' ° r ° a " 

dnman,. Particularly ^sefulThT 

toward various glycoprotM such rea ° tiVity 
. for attaching Z^ZV^TZT^ 
Gallium 67-labelled »„,„ * ecules *° liposomes. 
PEG d ' "^"Kto end-functionali-ed 

i-j^rr^ r:: ted in rats by tau 

at different times is illustrated i k ^ 
versus time in Fig . 12 ; 11USttated ^ a half log plot 

After 24 hours the animals were sacr-.^ „ 
tissues removed for lah o1 • sacrifl ced and 

r ^ected dose™ TSTS^T ~ " 
Presented in Table 3 4 hours 

^ai^^fiirxrrr 10 " ° f Ga - ia — 

uncrional lzed liposomes having two 
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tllTT ! iP " 00 " P ° Siti °- — -I" compared in 
Table 3. A fluid liposome co „ p< , sition 

~ r :? °« P-phatidylcholine 

(HPEPC) . a typical lip osol ,e composition contains the 

PHEp a :: de UPid ' "^natea egg Pc 

ratiT!; \ ! h0leSt -° l » "pia:lipid : lipid Jl 
ratio of about 0.1 5:1 .8 5:1 . * rigid liposo „ e 

composition .as prepared by substituting hydrogenated 
~» Phospha tiaylcboline ( „SPC, for P„ E p/at ~ 

As is indicated in Table 3, the fluidity of the 
liposome composition does not affect the blood 
retention time of the liposomes. However, the fluidity 
of the liposome composition does appear to affect the 
tissue distribution of the end-functionalist ^ 

rata neTb 6 ', 9 " UP "~ «««-tUll» 
retamed by live, sp!een and bone tissue. Piuia 

liposomes are preferenti^iiv >. ^ 

heart s lHn ; reterentlall y retaxned by the kidneys, 

neart, skin and muscle tissue. 
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fl — 

% Injected 61 u 
I — 


3A .Dose Detected at Specified • 
Timepoints 


|J Blood 


Peg-HZ Rigid 


PEG-Hz Fluid 


0 


101.1 ± 12.0 


100.2 ± 5.4 


15 min. 


89.6 ± 11.2 


61.6 ± 2.5 


1 hr. 


84 ± H.i 


81.7 ± 7.4 


3 hr. 


76 ± 10.5 


75.3 ± 5.1 


5 hr. 


71.7 ± 10.7 


66.3 ± 3.8 


24 hr. 


33.4 ± 6.8 


34.3 ± 0.68 


Tissues at 24 hr. 


Peg-HZ Rigid J 


Peg-Hz Fluid 
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I . % Injected 67 GA Dose Detected at Specified: .. 
I - Timepointo • ^• : ;v:.^? ^'^^ ' 


heart 


0.36 ± 0.037 


0.77 ± 0.21 


lungs 


•62 ± 0.23 


0.58 ± 0.03 


skin 


.086 ± 0.03 


0.16 ± 0.08 


muscle 


.08 ± 0.03 


0.29 ± 0.02 


bone 


.28 ± 0.09 


0.04 ± 0.01 j 



IV ' Therapeutic Eff^j-nr- C om D o S1 >^ n c 

Below are described specific embodiments of the 
effector composition of the invention, and their 
intended use as injectable therapeutic agents. 

A - Compositions for Enhancin g an T Mmo p-~ r ~ n ~~ 
In one general embodiment, the effector in the 
liposome composition is a molecule capable of enhancing 
an immune response when administered parenterally. 

1 - Effector. The F,,, effector 

composition is used as a passive vaccine to provide 
humoral immunity against one of a variety of selected 
pathogenic antigens. The composition is administered 
to supplement a weakened immune response to a rHv^ 
antigen. 

The vaccine effector composition is administered 
intravenously shortly after exposure to, or shortly 
before expected exposure to a selected pathogen. The 
composition is preferably injected in an amount 
corresponding to between about 0.1 to 2 mg antibody/kg 
body weight. After IV administration, the composition 
circulates in the bloodstream, at an effective 
concentration, for 1-2 days. 

2 ' fiD4 Glycoprotein vrr^^ Numerous 
therapies for the prevention and treatment of human 
immunodeficiency virus (HIV) infection and acquired 
immune deficiency syndrome (AIDS) have been proposed 
These therapies target different steps in the process 
of viral infection. Frequently, therapy includes the 
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administration of drugs which interfere with viral 
replication, such as AZT and DDI. The administration 
of these drugs is accompanied by toxic side effects, 
since the replication process of normal cells is also 
affected. 

Another step in the process of viral infection 
which is targeted in therapy is viral attachment to 
cells. HIV binds with specificity to the CD 4 receptor 
of CD4+ T cells. By mechanisms not yet fully 
understood, the CD4+ cells eventually can become 
infected by HIV. soluble CD4 receptor polypeptides 
have been administered intravenously to HIV-infected 
patients to prevent further HIV infection of a 
patient's CD4 + T cell population. Heretofore, this 
therapy has not been effective, since CD 4 receptor 
fragments are rapidly cleared from circulation in the 
blood stream, and inhibitory plasma concentrations 
cannot be maintained (Capon) . 

The effector molecule in this embodiment is a 
soluble CD4 receptor polypeptide capable of binding to 
the g P i20 glycoprotein of human immunodeficiency virus 
(HIV) jo prevent binding of HIV to CD4+ T cells, in a 
prefe^ed embodiment covalent attachment of CD4 is 
accomplished by coupling periodate oxidized CD4 with 
hydrazide group containing liposomes. 

CD4 administered as a long-circulating liposomal 
composition will remain in the blood stream for a 
longer period of time. The CD4 effector composition 
can be administered intravenously during early or late 
stages of HIV infection, most beneficially in 
combination with other drugs used in AIDS therapeutics 
so that HIV particles bound to the liposomes, to the 
extent these are taken up by infectable cells, will 
also deliver a dose of the anti-viral agent to the 
infected cells. AZT and DDI are examples of anti-HIV 
drugs which may be encapsulated in the liposome 
compositions. 
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The liposome composition should be administered 
intravenously in a dose equivalent to an effective 
blood stream CD 4 concentration of 1-10 micromolar. 
Doses of 5-40 mg C D4/kg body weight can be 
administered, typically at intervals of 2-14 days 
between treatments, with the level of HIV present in 
the bloodstream being monitored during treatment by 
standard assay methods. 

Principal advantages of this composition are the 
increased circulation time of the CD 4 effector in the 
blood stream and the polyvalent presentation of the 
effector on the surface of the liposomes, improved 
affinities of polyvalent CD4 presentation has recently 
been described (Chen) . As described above, CD4 
receptor fragments are cleared rapidly by renal 
filtration. Covalent attachment of the CD 4 
polypeptide to liposomal carriers prevents renal clear- 
ance, and permits circulation of the polypeptide 
effector composition for 24-48 hours in the blood 
stream. 

Additionally, the polyvalent CD4-bearing liposomes 
resemble CD4 + T cell lymphocytes in that the CD 4 
glycoproteins are presented on hydrophobic surfaces 
which mimic the surfaces of T cell lymphocytes. This 
presentation is likely to serve as a decoy binding HIV 
particles and HIV infected cells expressing gpi 2 o so 
that healthy CD4+ lymphocytes are spared. 

3 * Effector for stimm^^ q i n fl„ fflma ^ y 
immune r.sp ons... So me medical conditions are treated 
indirectly, by stimulation of the body's natural immune 
response. such conditions can include immunodeficiency 
diseases, such as AIDS, chronic infectious, and certain 
types of cancers. One immunstimulant therapy involves 
intravenous injection of cytokines, which can acts to 
stimulate B cell and T cell immune responses in a - 
variety of ways. 
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The cytokine effector composition may be 
administered on a short term basis to enhance a weak 
immunogenic or weak microbicidal response 
Alternatively, the cytokine effector composition may 
also be administered on a long term basis as part of a 
therapy treatment for cancer or AIDS. The effector 
composition may be administered intravenously at doses 
of about 0.5 to 5.0 mg/kg body weight to enhance an 
immunogenic response. These doses result in an effec- 
tive cytokine concentration of about o.i-i micromolar 
in the blood stream. 



In another general embodiment, the effector in the 
liposome composition is a molecule capable of blocking 
the binding of an endogenous agent to a cell receptor! 
to achieve a desired therapeutic effect. 

X ' £LAM ~ 1 Binding TnhSK^ As Qne 
example, inflammation causes the expression of a 
ST" 6 ' r° thelial leu ^e adhesion molecule-! 

blood" ' 00 SUrfaCS ° f endot ^"l cells of the 

blood vessels pt»« , 

— - —x, in turn, recognizes and binds a 
Polysaccharide moiety on surfaces of neutrophils and 
recruits neutrophils to sites of inflammation. By 
^7 ^ »~tl« and binding of neutrophils 
j^" 1 ' e * ces *ive inflammatory responses due to 

and h ° nS ' SUCh " reperfUSion -^ry, septic shock 
and chronic inflammatory diseases, can be avoided 
In this embodiment, the effector is used to 

sLTof^r 0685 ^ 6 reCrUltment ° f neutrophils to 
sites of inflammation in the blood stream. The 
effector is sialyl Lewis" recognized by ELAM-x 

at^hefi' ^ P ° lySaCCharide e «ector is covalently 

the T l0ng - CirCUlatin * ^Posomal compositions by 

the thods described above> ^ a ^ eabodime b nt 

attachment of sialyl Lewis* to liposomes is 
accomplished via the reducing end of the glucosamine 
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residue. 



hva» ; redUOi " 9 e " d ° an *—* with a 

the molT T P .°' 3 DEPE " PEG Coupling ot 

ZZZ lZ T t0 ^ liPOSOM1 -Position 
5 and ™ V pol ' saccl » r "«'s clearance by the kidney, 
and marntarns an effective concentration of the 
polysaccharide effector over a 48 hour period. The 
liposomal carrier composition is administered in doses 
of i. to so micrograms/ kg body we ight in a timely 

» 1 nfr,tio n ;: avenousiy ' ana - - — - 

IT ,, = . . 5 IL 1 "hibitor, which inhibits 

L-i s iemuno.timul.tory activity. or IL ., receptor 
antagomst (IL1RA) , which blocks the binding of iw to 

J2T°T oeu surfaoes - These - 4, ^ 

edmrnxstered to ..subject for treatment of septic 

= U protf C T" C ° l0ni0 ~ Pernio 

cell proliferate. In this aspcot Qf lnv „ 

0 dose T CarrUr " administered in 

te" "V 0 / 0 50 / ^dy weight on , snort 

term basis for the treatment sepsis, toxic shock or 
colons inflammation. The liposom,, 

The use o, the long-circulating effector 
com tlon> for ^ biocMng ^ 

endogenous agents to cell . 

-vantages over the 0^^™: *^T t h T 

exte^ ^ MiMained ^ - « 

o the ef^r' 1 ^ °* blOC * in3 renal clearance 
tne effector. Secondly, the effector molecule in 

rrace site of the receptor. Also, the 
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°T ltlVe Mndin9 ° r blOCkin ^ e «-tor and endogenous 
agent on the receptor site is shift ed toward the 
blocking agent, since the liposomal structure will be 
displaced at a slower rate kinetically, due to its 
larger size and number of blocking molecules in the 
region of the receptor site. 

3 - Peptide Hormones , m this embodiment the 
effector composition is useful in the treatment of 
various diseases that respond to peptide hormones. i„ 
one embodiment, the effector is parathyroid hormone 
(PTH) which is effective to inhibit uncontrolled 
osteoblast division. 

4. Peptide, m this embodiment, the effector is 
a short peptide that has cell-binding activity and is 
effective to compete with a ligand for a receptor site 
inhibition of the ligand-receptor cell-binding event ' 
Potentially results in arresting the infection process. 

in general, useful peptides will have cell-binding 

end ^ 3 POrti ° n ° f SeqUSnCe ° ther tha " *- 

end of the peptide. In this way, after attachment to 

active T T n ^ ^ UPOSOme ' thS PSptide *~ 

:::;"°! her ^ feature of usefui peptides is 

acid - ; ™ : r :; re£ r p es of between about 4 - 2 ° ^ 

Seq ID ° n NoT^ lary PePtid6 ' YIGSR ' identif ^ herein as 
SEQ ID NO: 6 (Figure 13), is usefuI for blocki 

metastases of tumors. SEQ ID NO:6 is one of the 
peptide sequences in the Bl chain of laminin 
responsible for the glycoprotein's adhesive properties 
and x. known to bind to the laminin receptor 
Laminm, the protein in which the YIGSR sequence 
occurs, is a constituent of basement membranes. 
Circulating metastatic cells which over-express the 
laminm receptor may find their way to laminin 
molecules in the basement membrane where they may 
become attached and establish metastatic tumors. By 
introducing exogenous YIGSR, the laminin receptors of 
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circulating metastatic cells are blocked, thereby 
inhibiting tumor establishment. 

Similarly, the peptide arginine-glycine-aspartic 
acid-serine (RGDS) has experimentally been shown to 
inhibit the establishment of metastatic tumors by 
interfering with the binding of tumor cells to 
f ibronectin (Humphries) . Like YIGSR, RGDS is a peptide 
sequence involved with tumor cell adhesion to basement 
membranes . 

The infection of lymphocytes by HIV also involves 
a specific peptide-receptor interaction (Nehete) . 
Here, the receptor is the CD4 protein and the peptide 
xs the HIV envelope protein gpl20. The peptide binding 
sequences are located in the V3 loop of gpl20. Several 
peptide sequences of between 8-15 amino acids have been 
implicated in the binding interactions. These sequences 
xnclude SEQ ID N0:1 through SEQ ID N0:5 and are shown 
in Figure 13. 

Pseudomonas cepacia infections also exhibit 
specific binding to the cells they infect (Saj jan) . 
Pseudomonas pili„ proteins, which are found on the 
bacterial cell surface, act as receptors for host 
proteins called mucins. Suitable peptides have been 
disclosed (e.g., Sastry, Lee). 

C ' Antimicr obial Composition 
in this embodiment the effector is a compound 
which is useful in the prevention and treatment of 
septic shock. The causal agents of septic shock are 
endotoxins which accumulate during systemic gram- 
negative bacterial infections (Jawetz) . Because of the 
rapid onset of severe sepsis, treatment is often not 
begun until critical stages of sepsis. 

The antimicrobial agent which has been used most 
successfully in treating septic shock against in cases 
of septic shock is polymyxin B. Because the compound 
xs rapidly excreted, high doses of polymyxin B are 
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required for effective treatment. The high doses, 
unfortunately, can lead to severe renal toxicity. 

In the present invention, polymyxin B circulation 
in the bloodstream is extended severalfold by its 
attachment to long-circulating liposomes. The compound 
is attached to long-circulating liposomal composition 
carriers by the coupling methods described above. 

The liposomal composition is administered on a 
short term basis, at a dose of 0.1-0.5 mg/ kg body 
weight, as a prophylactic for individuals at risk of, 
or suffering from acute septic shock. Features of the 
polymyxin B liposomal composition, already discussed, 
will minimize polymyxin B's renal accumulation and 
renal toxicity. 

The following examples illustrate methods for 
preparing derivatized lipids and protein-coated 
liposomes in accordance with the invention. 

Example 1 
Preparation of ngpg -pEft-Mai^.!,*,, 
*' Reparation of the Mono ? - n j * liir 

i dinin g) (compound T~n 

A mixture of 1.7 g (0.5 mmole) of commercially 
available polyethylene glycol bis (amine) and 104 mg 
(0.55 mmole) of 2 -nitrobenzene sulfonyl chloride were 
added to a round-bottomed flask. The minimum amount of 
dioxane to effect solution (about 15 ml) an d 280 
microliters of triethylamine (2 mmole) were added. The 
reaction flask was stoppered and let to stand at room 
temperature for 4 days. 

Thin layer chromatography (TLC) on silica coated 
Plates using a solvent mixture of the following 
composition CHC1 3 / CH 3 OH/ Hp/ NH 4 OH; 130/ 70/ 8/ 0.5; 
v/v/v/v showed fluorescence quenching spots at iy= 0' 87 
to 0.95 and 1^=0.68-0.75. The 2-nitro benzene sulfonyl 
chloride was a more compact spot at 1^=0.85. The UV 
absorbing material at R,= 0.87-0.95 probably 
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represented the bis-2-nitro-benzenesulf enamide. The 
material at 1^=0.68-0.75 probably represented the 
desired mono-2-nitrobenzenesulfonaimde of the starting 
diamine. 

The solvent was evaporated under vacuum to obtain 
2.135 g of a yellow syrup. It was dissolved in 5 ml 
chloroform and placed at the top of a 21 mm x 270 mm 
column of Si02 wetted with chloroform. The product was 
purified by passing through the column, in sequence: 

100 ml 100% chloroform 0% (1% cone. NH 4 0H in MeOH) 

200 ml 90% - 10% 

100 ml 80% " 20% 

100 ml 70% •• 30% 

Fifty ml aliquots were collected separately and 
assayed by TLC as described above. Most of the yellow, 
ninhydrin positive-reacting material was eluted in the 
20% (1% cone. NH 4 0H in MeOH) fraction. The fractions 
were dried and resulted in 397 mg of a bright yellow 
solid. The yield of the pure sample was about 20%. 

II. Preparati on of the Tmi Hatnia /-^>-u= — 4-_ 

^-nitrobenzenas ulfonamide of pkc: 
Z5 histami ne) (compound TTT) 

550 mg (0.15 mmole) of the 2- 

nitrobenzenesulfonamide of PEG bis (amine) were 

dissolved in anhydrous benzene. To this was added 49 

mg of carbonyl diimidazole (0.3 mmole) and 28 

microliters (0.20 mmole) of triethy lamine . The air in 

the reaction vessel was displaced with nitrogen, the 

flask stoppered and heated in an 80 degree oil bath for 

4 hours. TLC on silica-coated plates using the same 

solvent system as described above, showed that all the 

starting sulfonamide (Rf=o.72) had been consumed, and 

had been replaced by an iodine absorbing material at 

Rf=0.92. The solvent was removed under vacuum. The 

residue was dissolved in about 2.5 ml chloroform and 

transferred to the top of a 21 x 280 mm column of 
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silica which was wetted with chloroform. The following 
solvents were passed through the column, in sequence: 

100 ml 100% chloroform 0% (1% cone. NH 4 OH in MeOH) 

5 100 ml 90% " io% 

200 ml 80% n 20% 

50 ml fractions were collected and assayed by TLC, the 
desired product was found predominantly in the 20% (1% 
10 cone. NH 4 OH in MeOH fraction), when the pooled 

fractions were evaporated to dryness, 475 mg of a 
lemon-yellow solid were obtained. , This was dissolved 
in 4.75 ml benzene. 

15 111 • Preparation of t he DSPE carbamide of the 7- 
nitrobenzenp sulfonamide of PEG bis f amine) 

To the 450 mg (0.125 mmole) of 2-nitrobenzenesul- 

fonamide of the imidazole carbamide of the PEG 

bis (amine) dissolved in 4.5 ml benzene was added 93 mg 

DSPE (0.125 mmole) and 70 microliters (0.50 mmole) of 

triethylamine. The air was displaced with nitrogen, 

the flask stoppered and heated in an oil bath at 80 

degrees for 6 hours. The flask was cooled to room 

temperature. DSPE migrates in the above described TLC 

25 system with an Rf of 0.54. TLC indicated that all the 

DSPE had been consumed. The solvent was evaporated 

under vacuum. The residue was dissolved in 2.5 ml 

chloroform and placed at the top of a 21 x 260 mm 

column of silica wetted with chloroform. The sample 

was purified by passing through the column in sequence: 
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100 ml 100% chloroform 0% (1% cone. NH 4 OH in MeOH) 

200 ml 90% » i 0% 

100 ml 80% 20% 

3 5 100 ml 70% » 30% 



The desired product 
in MeOH) , was evaporated 
bright yellow solid with 



eluted at 20% (1% cone. NH 4 0H 
and afforded 3 58 mg of a 
an Rf= 0.95. Fractions 
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oTtl in D ing /l idazole were not used and the y-ia 

of the product (0.0837 mmoles) was 65%> 

bis (amir,**) rcoTnp o,,^ T y£ or PEG . 

DSPP "* ° f nitroben2e ^sulfenamide of the 

DSPE carbamate of polyethyleneglycol bis (amine) were 

T 10 ^ 6than01 ' T ° ^ SOlUti ° n added 
2.4 ml „ at e r and x. 2 ml acetic aci(J . The 

allowed to stand at room temperature for 18 hours L 
analyse showed only partial deprotection. Another 2 3 
« water and another l. 2 ml acetic acid were ^ ^ 

coatirrrr was ieft on rtlle .r 

coated plates, using a similar solvent systero ag 
descried above as the developer, florescence quenching 
inaterxal appeared at R^o.86 and R^. 74 . The Lired 
-nhydrin reactive, phosphate cont a i ning mater^ 
-grated with an Rf value of 0 . 637 . This g HL, 
no fluorescence quenching. 

The solvent was removed under vacuum. The residu. 
was redissolved in 15 mi „r, ^ residue 
15 m i - . chloroform and extracted with 

15 ml 5% sodium carbonate. The miv^,>-- 
to fiffpnr o ^. mixture was centrifuaed 

^ — separation, and the sodium carbonate phase' "" 

^r^r 15 ni - — 

sure to obtaT X r f e waT^T ■ T" ~' Pr6S " 
wax was largely a JL^^^^r ^ 
containing li pid of r-h.72. osphate 

The wax was dissolved in r> r x., 
-1 _ vea ln 2.5 ml chloroform and 

the ooi™ in s « * S ° 1VMtS ~> 

100 ml 80% 10% 

100 ml 70% 2 ° % 

100 ml 50% 3 ° % 

100 ml 0 % 5 ° % 

100% 
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The samples were assayed by TLC. The desired 
product was found in the factions with 30% and 50% (1 % 
cone. n„ 4 oh in aethanol). These samples were com J™ 
and evaporated to dryness under vacuum to afford 91 m g 
(22 micromoles) of a viscous syrup. 

v. 



To 18 micromoles of the dspe carbamide of peg bis 
(amine, described above, dissolved in u Bl 
ohiorofon., was added 3.5 ,g (36 micronoles) „ aleic 
anhydnde and 5 microliters (36 micromoles) 

ata'nd^ 13 "' 1 "' " t<W ™ d — <=o 

.tend at room temperature for 24 hours. The solvent 

r ::: p ;r: d - tlc on smca piat - that 

^r"' ph ~ containi - - 



vacuum 1 " e : han01 ""» adaea — -aporated under 
vacuum. This step was repeated twice to remove excess 
acetic anhydride and acetic acid. The residue was 
taKen up i mi chloroform, and passed through a silica 
column with the following solvents in seguLe 



100 ml 
200 ml 
100 ml 
100 ml 



100% chloroform 

90% 

80 

70% 



0% (1% cone. 

10% 

20% 

30% 



NH 4 OH in MeOH) 



was folT 2 " era ooll ~ t «». — the nain product 
was found m the fractions eluted with 10, of 1% cone 
»H 4 OH „ „eOH. The fractions were combined and then 
evaporated to dryness under vacuu, which afforded 5 " mg 
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of a pale, yellow, viscous oil, which by TLC migrated 
with an Rf of 0.98 and contained phosphate. 12.3 micro- 
moles product were obtained which corresponded to a 
yield of about 34%. 

Example o 

Preparation DSPE-PEG Irllz^jd^lthioJ r ^ r <^ mUv 
The DSPE carbamide of peg bis (amine) (50 micro- 
moles) is dissolved in 3 ml of anhydrous methanol con- 
taming 50 micromoles of triethylamine and 25 mg of N- 
succinimidyl 3 - (2-pyridyldithio) propionate (SPDP) . 
The reaction is carried out at room temperature for 5 
hours under an argon atmosphere. Methanol is removed 
under reduced pressure, and the products were 
redissolved in chloroform and applied to a 10 ml silica 
gel column which had been activated at 150 degrees 
overnight and had been prewashed. A similar solvent 
system as used in Example 1 is used to purify the 
product. Analysis on TLC plates indicates a product 
with an iy= o.98 which reacts negatively with 
ninhydrin, contains phosphate and has no free 
sulfhydryl groups, when the product is t .rp„ 0 , 
excess dithiothreitol, 2-thiopyridinone is released".' 

Example 3 

Preparation of th» nH qhvdp nf ^ 
Ethylenp-T.i.nkeH Pra-ncr> F 

lm Reparation of T-tr1i,nthvi,nvinv Y . w f ~ mrnin , 

15.0 gm (10 mmoles) of PEG) M.Wt. 1500, (Aldrich 
Chemical) was dissolved in 80 ml benzene. l. 40 ml (n 



mmoles) of chlorotrimethyl silane (Aldrich Chemical 
Co.) and 1.53 ml (Xmmoles) of triethylamine was added. 
The mxxture was stirred at room temperature under an 
3 5 inert atmosphere for 5 hours. 

The mixture was filtered by suction to separate 
crystals of triethylammonium chloride and the crystals 
were washed with 5 ml benzene . riltntm and b£ J ene 
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wash liquids were combined. This solution was 

grams of colorless oil which solidified on standing. 

TLC of the product on Si-c,, reversed-phase plates 
using a mixture of 4 volumes Qf ^ x 

of water as developer, and iodine vapor visualization 
revealed that all the pol yg i yco i 1500 (Rf =o. 9 3) has ' 
been consumed, and was replaced by a material of 

I£L' 82 'h *" '^"-^ Spectru » sealed absorption 
Peaks characteristic only of polyglycols. 

Yield of I-trimethylsilyoxyPEG, M.W. 1500 was 
nearly quantitative. 



15 S»2igig& 

thyl«lyloxy PES obtained above wae dissolved in 40 „1 

nrr;,^ and ^ * • « ~ - 

0 »; ! i, "™ ol) truth ^»« »d i.es «i ,ii mol) 
* d L r onethanesulfonlc anhydride 

!..l ed . OVer " 19ht UMer « »t»osphere until the 
™„ „axture changed to a brown oolor. 

5 or.. S ° 1Vent the " ■"">*>«*•<» under reduced 

100.0 .1 with methylene chloride. Because of the great 
react lvlty trifl „ orOTethane *«* 

ester o r /rt l i0n thane sulfonyl 

ester of I-tnuethylsilyloxy peg was done. 

the tri,r °' Mthylene < a > 1 «*'« «°<* solution of 
the trifluoromethane sulfonyl ester of l-tri- 

va e cuTt lyl r. PEG MS eVaPOratad t0 «-« 
vacuo, to obtain about ,., grans of residue (approxi- 
mately 0.7 mo ies, . To this residue, 3.72 , 
chloroform solution containing m m moles) egg 
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PE was added. To the resulting solution, 139 
Bxcroliters (i.o mmole) of triethylamine was added and 
the solvent was evaporated under vacuum. To the 
obtained residue, 5 m i dry dimethyl formamide and 70 
o microliters (0.50 mmoles, triethylamine (VI) was added. 
Air from the reaction vessel was displaced with 
nitrogen. The vessel was closed and heated in a sand 
bath a l 10 o C for 22 hours. The solvent was evaporated 

10 oil" t0 ° btain 1,58 gramS ° f br ° Wnish 

«n a *\* ^ ™ Chromat °9"Phic absorption column 
filled with Kieselgel 60 silica 70-230 mesh, was 
prepared and rinsed with a solvent composed of 40 
volumes of butanone, 25 volumes acetic acid and 5 

II oTtV' Water ' Pr ° dUCt WaS dissoi -d in 3 

"I of the same solvent and transferred to the top of 
the chromatography column. The chromatogram was 
developed with the same solvent and sequential 30 ml 
portions of effluent were assayed each by TLC. 

The TLC assay system used silica gel coated glass 
Plates, with solvent combination butanone/acetic 
acid/water; 40/25/5; v/v/v. iodine v a nn, ,k_^__ 

NTtriL 0 :," 5 " 1 Zati ° n - In thiS SOl - nt ^em, the 
•5 ^ h tri " eth ^ sll ^°-y «* 1500 PE appeared at R^o.78. 
5 Unchanged PE appeared at R,=0.68. 

The desired N-l-trimethylsilyloxy PEG 1500 PE was 
a chief constituent of the 170-300 ml portions of 
column effluent. When evaporated to dryness under 

o 0 ~ P td s u e cr tions afforded 111 - ° f — 
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IV. 



°nce-chro„,ato g r.p„ed, PE compound was dissolved in 
» of tetrafcvdrofuran. To this. , ml aoetic ao J^ 

I L Tl "* added - reSUltin * — let 

to stand for 3 days at „.«,. Tn . solvent fro* the 

reactxon „ 11( ture was evaporated under vacua™ ,nd dried 
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to constant weight to obtain 75 mg of pale yellow wax. 
TLC on Si-Cl8 reversed-phase plates, developed with a 
mixture of 4 volumes ethanol, l volume water, indicated 
that some free PE and some polyglycol-like material 
formed during the hydrolysis. 

The residue was dissolved in 0.5 ml 
tetrahydrofuran and diluted with 3 ml of a solution of 
ethanol water; 80:20; v:v. The mixture was applied to 
the top of a 10 mm x 250 mm chromatographic absorption 
column packed with octadecyl bonded phase silica gel 
and column was developed with ethanol water 80:20% by 
volume, collecting sequential 20 ml portions of 
effluent. The effluent was assayed by reversed phase 
TLC. Fractions containing only product of Rf=0.08 to 
15 0.15 were combined. This was typically the 20-100 ml 

portion of effluent. When evaporated to dryness, under 
vacuum, these portions afforded 33 mg of colorless wax 
PEG-pe corresponding to a yield of only 3%, based on 
the starting phosphatidyl ethanolamine . 

NMR analysis indicated that the product 
incorporated both PE residues and PEG residues. The 
product prepared was used for a preparation of PEG-PE 
liposomes. 



20 



25 V ' gyration of the AK^hydP of pre-nre* f ^^ ni 

The free hydroxyl group on PEG derivatized by DSPE 
can be oxidized to the corresponding aldehyde in the 
following manner prior to incorporation of the linear 

30 polymers into liposomes (Harris). About 2.7 g 

PEG1500-DSPE (l mmole), which is prepared as in Example 
3, is added to 0.4 g acetic anhydride in 15 ml 
dimethylsulfoxide with stirring for 30 hours at room 
temperature. At this point the reaction mixture is 

35 neutralized with dilute sodium hydroxide, the solvent 
is evaporated under reduced pressure. 

The residue is dissolved in 10 ml chloroform, 
washed with two successive 10 ml .portions of water, and 
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centrifuged to separate chloroform and water phases. 
The chloroform phase is evaporated under vacuum to 
obtain a wax. The wax is re-dissolved in 5 ml 



chloroform and transferred to the top of a 21 x 270 mm 
column of silica gel moistened with chloroform. The 
column is developed by passing 100 ml of solvent 
through the column. The following solvents were used 
in sequence- 



10 Volume % 



^LJX^ 2% J°i un ? % ^hanol Containing 
™ - 1% C ° nC ' ionium H Y rt™-lde/m»l-.hi,™i 



100% 0% 
95% u * 
15 5% 



90% 
85% 
80% 
70% 
60% 



10% 
15% 
20% 
30% 

2 0 rnZ 40% 



50% 
0% 



50% 
100% 
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Separated 50 ml fractions of column effluent are 

ill >H reV " Sed " PhaSe Pl " es - ™ «• ^ve- 
water. Visualization is done by exposure to 
vapor. 

Only those fractions containing an iodine- 
absorbing lipi d of R, abou t 0.20 were combined and 
evaporated to dryness under vacuum and dried in high 
vacuum to constant weiaht m 

c L vstalHn ™: weight. In this way 94 mg of waxy 

crystalline solid was obtained of m.W. 2226. The 
conversion of the terminal alcohol to the aldehyde can 
be monitored by ir. 



Example* a 

OXY-POI V faZ, 1 Pno) | o PO UnH vvt, " Y 

and Co upling t" r >g°F 
~ 1 J"^^ 0 ^— 3 ^ 0 ^ derivative of PEG (XXIX) ( 2 g 
~ 1 nunol) and N-hydroxysuccini.ide (0.23 g, 2 
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were dissolved in methylene chloride-ethyl acetate (4 
ml, l:l). The solution was cooled on ice-water bath 
and treated with dicyclohexylcatbodiimide (DCC) (0.25 
9, 1.2 mmol) predissolved in ethyl acetate (l ml). 
5 Within a few minutes the solution became cloudy as 
dicyclohexylurea (DCU) appeared. After 2 hours the 
reaction mixture was filtered from DCU and evaporated 
into dryness. The polymer was crystallized from 
isopropanol and dried in vacuo over P j0j . yield- i 5 g 
10 (70%). Titration of the product for active acyl 

content (Zalipsky, 1991) gave 4.8 . 1V » mole/g (104% of 
the theoretical value) . h-NMR (CDCl,) spectra showed 
m addition to characteristic singlets of PEG (6 = 
3.64) and N-hydroxysuccinimide (6 = 2. 84) also triplet 
15 of CH 2 -(C=0)-Gly (6 = 4.27) and doublet of methylene 
group of Glycine residue (6 = 4.33, some isopropanol 
was also present (S = 1.20, 3 , J = 6 Hz) . 

N-hydroxysuccinimide ester of a-hydroxy-c-carboxy- 

20 17,l°' 52 9 ' " m0l) ^ add6d t0 DSPE < 0 ' 14 0-135 

20 mmol) suspension in chloroform (2 ml) followed by 

triethylamine (o.! ml, 0.86 mmol,. After mixing the 

mixture was heated on water bath at 55 -c fn, « 

During this time the solution became clear. TLC 

(chloroform-methanol-water 90:18:2) on silica gel G 

showed complete conversion of DSPE into a new product 

which gave no color with ninhydrin yet like excess of 

PEG was readily visualized by iodine vapor. The 

solution was treated with an equivalent amount of 

30 IT' 10 *° neUtrall2e the ™ -d evaporated into 

3 0 dryness. The residue was dissolved in water and 

extensively dialyzed through 300,000 MWCO cellulose 
acetate membrane at 4-c, filtered through 0.2 ^ and 
lyophxlxzed, yielding pure compound XXIV (360 rag * 
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Examp le r 

!gfgg^ia n of ^ro^ Acid i^at^ 



and XXTV) * k j>y . "xyernyiPne) fCnTnp n Unds yti 

Polyethylene glycol (Fluka/ PJ!G _ 2 
»egu lv OH, is dissolved in toluene (200 J' 

e a tlT° PiCally dri6d (2aliPSky ' " 8 "' — '"«ea „ ith 
ethyl isocyanotoacetate O -k ™i 
. . ^ tate < 2 ' 3 m l/ 21 mmol) and 

triethyl a„i„e Bl , 10 ^ . > 

reactron at 25 . c the ^ to dryness 

of 4 K HaOH. P^odioal dropwise additions 

When the solution pH is stabilized at DH 1, «, 
solution is aoidified to PH 3 o and t7 
tracted with .„ k , the P roau =t is ex- 

ted with .ethylene ohloride (loo ,1,2). TLC on 

• "/l 6 ,iS ° PrOPyl alonia " 

10.2.1) g 1V es a typioal chro-atogras of partially 
oarboxylated pec <zalips*y. „,„, consisting"' 
unreacted PEG fR, « 0 s-j. " g of 

« ■ ■ ••»> •* dicarboxylated derivac ^"7r"^""" . 

fixture' - a ^ s l eVaPO " ted t0 *»— • «- » 
Ature ls dissolved in water m i % 

this solution (30 i . x a JT ml) ' 0ne " thi ^ of 
loa(1 ^ «. 1 1 14 9 of derivatized PEG) is 

com! * - — - °« 

aoid (PMA) test ' C ™ flr "" ea b * negative polysethacylic 

v "»« at increments nf i_-> 

ml) was applied , ^ 6Very 200 

PPiied, and 50 ml fractions collected 

Errs ;::r c 7 ~ as 

gather, concentrated ^'T^S,^ . 
and extracted with methylene ohloride (5 o »l V£ T he 
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p-u. is dried ti; d .r/ r Tf tated 

carboxyl groups gives 4 6 . 10 < Tltration of 

5 theoretical value,. -guxv/g (97% of 

The 0,-hydroxy acid derivative of peg ,« 
*ol) and tert-butyl carbazate J 9 „ ! i 
dissolved in CH.C3 , 9 ' 6 ' 9 Banol > are 

"ter 30 ainutes the ioe n ' h h e "~ sol -« »i" U re. 
-ction is allowed ™ p J^ " « the 

hours. Th e r „„ ( pr o=oed for an additional 3 

-covered and pJ^^J^'T^ " 
aoetate-ether ».,, ,„,, I ° Pracl P lt »'=«>» fron ethyl 

~ <«, - ..«, instead of J. "™ ~ 

(t. Cft-OCO-Gly, 2B ) pp,,. ° ly ' 2H >'- «•« 

B ").- 43.4 (CHj of Glvf 6! . ,T ' 

<«•»» X55.. (c ^ of L[ ■ € ;- c <sa ' ah0H>! 8i -° 

<-o of oi y hy dr,sid e) i5 p ;: ' 0 of Giy u ~ tha - 

IX1 - £tSE «SiiSiL^f^oapoundj a£ XT 

™ e "-hydroxy Boo-nydraaide derivative of PEG „ 
9/ 2.26 nunol) is dissolve • EG ( 5 

carhonate (1 g '* «** "succWdyl 

solution is filtered^ ' f "° C ° Ver " i9ht - ™° 
other (1 „„ W) ^ 9raaUall >' •*>- to cold ethyl 

o-al volume of ethyl ^..''C^X^S 
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25 



content 4. J'. £ „! UC01 «-*»?t. groups 

3.64 (s, peg 17.H,. , ' ' ' s »ccinimide) ; 

*. * - ! ' ' *****°.—» »•»» (br 

IV * ££gB - aratiQ " CoinBaHQg 

-^ide. p4Je~ \T ~ d PEG - 5ly ° ine 

«»lysis using 300 , 000 ^ 1S "»ovaa by 

— »« rr « S pec trm . ~ " x : : :i a diaiysu 

subjected to conventional Boo^o^ecti ^ 
conditions ( 4M HC1 oeprotection 

further puriLd £ rll"™ f°f. 3 ° «- then 

4 •••• (t. CH„ i/sVTtTc^co' .T"" ' CDC1,) * 

CH,CO, 4H) • -» fi4 , <-i* 2 CH 2 CO, 4H) ; 2.84 (t, 

on,o m -Z'; 4 4-4 3' , P f': 8 ° H,; 4 -° (t " *•* 

*2/ f 4.3 (two doublets ^ • * o / 

glyceride). ets,/ 5 ' 2 (9/ CH of 
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Examp le a 

^QgLQines wii-h CoYalentlj 



| , tion of , , i j jysoipgq with r 
The Ml 

The m alex mid e of the DSPE carbaaide of 
Polyoxyethylen© hie / . ot 
in «J»1. J (350 °- DSPE > — Prepared as 

««c. P R o 0kt „«, ;r :;i se was 

nitrophenyl oal.of ^ " Says " ith °" 

-it^r;:: z zz: ir™*—^ * 

« ""notion coerricL o 4 7 , t Pr ° dUOt 
0-1 N sodium hydroxide Th» nanometers in 

*lde. The assay mi« ure consistea of 
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86 sodium phosphate pH 7 3 , »„ 

50 ™ ^-rcaptoethanol 2 ^1"^ Chl ° ride ' 

galactose and product fomJ °-nxtroph en yl 

15 minutes i„ the ZLll *" m ° nit0red f ° r 10 to 

Limc ^ llnear rana * °f the assay. 
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D S n E , ... J" ker - the derivative of 

tracer. The total S P"^" »ith a "H-Drec 

reparation, after ^vLt " i0 " *" ^ 

Phosphate P H , S e T " ^ (5 ° * 
Pn 7.2, 50 mM sodium chlorirt. 

Cros slinJcing reactions werfo^ 

enzyme solution to the lino, Perf °™"» by adding 

— n . ... ^l^^Zl —in concen- 

overnight at anient te„perature"L "T'"" 1 "" 

Dnreacted crosslink was th™ * le Shakin »- 
-rcaptoetnanoi (2 . ME) Z^-eTT^ 

Liposomes were separated^ " "° C - 
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Gradients were centrifuged at 45,000 rpm for 60 minutes 
at 4°C, then each liposomal band, easily visible at the 
PBS interface, was collected and transferred to 
dialysis tubing. Dialysis proceeded overnight at 4»C 
against two changes of PBS. Removal of the metrizamide 
was necessary because it inhibits j8-galactosidase 
activity significantly even at 1% (w/v) concentration. 

Example 6 

Liposome Blood Lifetime Measurements of 
Hydrazjd? End-functionalist w iG L j poanmog 

X * Preparation of Hvdrazide Rtirt-fn nctionaH ? t >* 
Liposomes - 

Hydrazide PEG-DSPE composed of PEG, end-functiona- 
lized with a hydrazide group, and distearyl-PE was pre- 
pared as described. The hydrazide PEG-DSPE lipid was 
combined with partially hydrogenated egg PC (PHEPC) and 
cholesterol in a lipid: lipid: lipid mole ratio of about 
0.15:1.85:1 and the lipid mixture was hydrated. 
Generally, lipid hydration occurred in the presence of 
desferal mesylate, followed by sizing to o.i micron, 
and removal of non-entrapped desferal by gel filtration 

with subseauent ina^i^r. r> ± j _ 

- ""-wwue into me liposomes. 

The unencapsulated Ga was removed during passage 
through a Sephadex G-50 gel exclusion column. Both 
compositions contained' 10 micromoles/ml in 0.15 M NaCl, 
5 mM desferal. 

A second lipid mixture was prepared in a similar 
manner but with HSPC instead of PHEPC. 

J1, Measuri "q Blo od C i rcula tion Ti mP a » d Tissue Levels 

In vivo studies of liposomes were performed in 
laboratory rats at 200-300 g each. These studies in- 
volved tail vein injection of liposome samples at about 
10-20 micromolar phospholipid/kg body weight. Blood 
sample were obtained by retroobital bleeding at defined 
times. The animals were sacrificed after 24 hours and 
tissues removed for label quantitation. The weight and 
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percent of the injected dose in each tissue was deter- 
mined. The studies were carried out using OT Ga- 
desferal loaded liposomes and radioactivity was 
measured using a gamma counter. The percent of the 
injected dose remaining in the blood at several time 
points up to 24 hours, and in selected tissues at 24 
hours was determined. 

A ' Plasma Kinetics of H ydraziHp-P E G Liposome 
The liposome composition (0.4 ml) was injected IV 
xn animals. At times o, 0.25, 1, 3, or 5 and 24 hours 
after injection, blood samples were removed and assayed 
for the amount of Ga-desferal remaining in the blood, 
expressed as a percentage of the amount measured 
15 immediately after injection. Hydrazide-PEG liposome 

have a blood halflife of about 15 hours, and nearly 30% 
of the injected material is present in the blood after 
24 hours. 

20 B - 24 Hour- T is SUC , 

Studies to determine the distribution of gallium 
labelled liposomes in selected tissues, 24 hours after 
intravenous liposome injection, were carried out. The 
liposome composition (0.4 ml) was injected IV in 
animals. The percent dose remaining in tissues 24 hours 
after intravenous administration is shown in Table 3. 

While the invention has been described with refer- 
ence to specific methods and embodiments, it will be 
appreciated that various modifications and changes may 
be made without departing from the invention. 
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IT IS CLAIMED: 

1. In a method of treating a subject by 
parenteral administration of a polypeptide or 

5 polysaccharide effector which is rapidly removed from 
the bloodstream by renal clearance in free form, the 
improvement comprising 

parenterally administering to the subject, a lipo- 
some composition containing liposomes having an outer 
10 layer of polyethylene glycol chains and said effector 
covalently attached to the distal ends of said chains. 

2. The method claim l, wherein the polyethylene 
glycol chains have a molecular weight between about 

15 1,000 and 10,000 daltons. 

3. The method of claim 2, wherein the effector is 
selected from the group consisting of: 

(a) an antibody F A fragment specific against a 
20 pathogen present in the bloodstream, for use in 

treating the subject for infection by the pathogen; 

(b) a CD4 glycoprotein, for use in treating the 
subject for infection by human immunodeficiency virus 
(HIV) ; 

25 < c > a cytokine or a cellular growth factor, for 

use in stimulating an immune response in the subject; 

(d) a polysaccharide which binds to endothelial 
leukocyte adhesion molecule (ELAM) , for use in treating 
inflammation related to neutrophil recruitment and 

3 0 tissue infiltration; 

(e) IL-1 inhibitor or IL-lRA, for treating a 
subject to achieve immune-response suppression; 

(f) polymyxin B or polymyxin B decapeptide, for 
treating the subject for septic shock; 

35 (g) a Peptide hormone, for treating a subject to 

regulate cellular growth; and 
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(h) a peptide, for inhibiting a ligand-receptor 
cell-binding event. 



10 



15 



4. The method of claim 3, for use in treating the 
subject for septic shock, wherein the effector is 
polymixin B. 

5. A liposome composition for use in preventing 
rapid removal from the bloodstream of a polypeptide or 
polysaccharide effector by renal clearance, comprising 

liposomes, each having an outer layer of 
polyethylene glycol chains, and 

attached to the distal ends of said chains, an 
effector selected from the group consisting of: 

(a) an antibody F A fragment specific against a 
pathogen in the bloodstream; 

(b) a CD 4 glycoprotein; 

(c) a cytokine; 

(d) a polysaccharide which binds to endothelial 
2 0 leukocyte adhesion molecule (ELAM) ; 

(e) il-1 inhibitor or IL-1RA; 

(f) polymyxin B; 

(g) a peptide hormone; and 

(h) a peptide. 

25 

6. The composition of claim 5, wherein the 
polyethylene glycol chains have a molecular weight 
between about 1,000 and 10,000 daltons. 

30 7. The composition of claim 6, for use in 

treating the subject for septic shock, wherein the 
effector is polymixin B. 
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